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The breakdown phenomena between a plasma 
beam and a plate electrode were investigated, and 
its results were compared with a theoretical analysis. 
It became clear that the breakdown characteristics 
depend on the discharge conditions and the 
development of craters produced by the arc discharge 
on the cathode surface retrograded in the drift 
direction of E X B. This breakdown characteristic 
has a very similar property to a unipolar arc 
observed in nuclear fusion apparatus 1) • 2) • 
The hydrogen plasm beam was formed through a 
2 mm diameter orifice by a differential evacuation 
as shown in Fig.l. The density of plasma beam 
was ,._, 1011 cm·3 • The gas pressure was in the 
range of 1 o-3 ,._, 1 o-4 Torr. The plate electrode was 10 
em long and 7 em wide, and this electrode was at a 
distance of 1.5 em from the plasm beam in the radial 
direction, and was electrically biased. 
The magnetic field of 1 X 103 G was applied in 
the plasma beam direction. DC voltage was applied 
on the electrode. The current pulse due to an arc 
discharge was observed by a current probe. 
When the DC applied voltage reached to 50 ,......., 
300 V, the breakdown occurs and the characteristics 
depend on the plasma beam current, gas pressure, 
magnetic field and electrode materials. Typical 
oscillograms of the arc are shown in Fig.2. 
The space potential was almost uniform from 
plasma beam to near cathode and a sheath was formed 
in the vicinity of the cathode . The craters due to 
the arc were observed on the cathode surface. 
If it is assumed that the unipolar arc is generated by 
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Fig. 1 Experamental apparatus 
the V sf, and the electrons emitted from the cathode 
surface return to the cathode again. This electron 
circulation forms a circulation current lc, that is, 
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Fig. 2 Typical oscillograrms of the arc 
where ne,me, Teare electron density , electron mass, 
electron temperature , V sf, V c are the sheath potential, 
arc potenial, respectively, k is Boltzmann constant, 
and A is the area of cathode surface. 
The plasma density of cathode spots can be 
calculated from the experimental results by the 
equation . The results of calculation are shown in 
Table 1. From the results, the plasma density of a 
cathode spot is 1017 em -3 , and this value nearly 
equals to that of vacuum arc spot. 
Table 1. Results of calculation 
sheath potential 7.58 v 
circulation current 60A 
cathode spot plasn1a density 10 17 em -3 
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